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Introduction
Teaching/learning process is an age long human activity of passing knowledge from person to person [1] . The process has experienced progressive transformation over time as people were obtaining deeper understanding of the cognitive science [2] and were provided with diverse tools to perform this transfer in a more effective manner [3] . The process of knowledge transfer is highly dynamic and dependent on its content and relationship between student and teacher [4] and needs to be tailored to both for an effective outcome [5] . A number of different teaching methods emerged over the years including active learning [6] , flipping classroom [7, 8] , problem based learning [9] to name just a few.
After teaching mechanics courses in a traditional format for a number of years it became apparent that any quantum jump in student learning success requires structural departure from the old teaching method and substantial overhaul modifications which would integrate different pedagogical experiences and insights along with implementation of modern tools. It was apparent that traditional teaching in a classroom was having limited results with overall passive audience which was partially engaged in the transfer of knowledge. The process of the course modification took significant planning effort along with lengthy restructuring of the material and creating extensive supporting material that would assist students with actively engaging in the learning process.
The paper describes some of the modifications made to the course along with the results achieved over the four semesters that the course has been taught in the new format. The results indicate that modifications resulted in anticipated positive outcomes as students' overall scores improved indicating better mastery of the material and ability to solve practical problems.
Method
The intent of the modifications introduced into the Dynamics course was to improve student mastery of the material and to provide them with examination mode that will be conducive to effectively and accurately conveying learned material and ability to apply their knowledge to the real world problems.
A comprehensive intervention in course delivery and assessment process was made including the following modifications:
 Assessed the knowledge of the pre-requisite material.  Provided pre-requisite refresher review materials.  Narrated, taped, and posted lectures on the Blackboard.  Worked out, narrated, taped and posted numerous examples on the Blackboard.  Provided self-assessment tools and encouraged students to review the material.  Developed and posted numerous quizzes and homework assignments on the Blackboard.  Encouraged students to work in teams to solve homework problems.  Changed testing environment and timing.  Developed grading technique to simulate various stages of learning and application.
Although these elements have been applied, individually or in groups, in different courses over the years, to the best of the authors' knowledge, all of them combined have not been implemented in a single course. Each of the items and their rationale is described in the following text.
Pre-requisite material
The requirement for successful mastery of the material in the Dynamics course for engineering technology students requires basic knowledge of Calculus I, Statics, and Physics. It has been observed that number of students have forgotten or have limited knowledge of the required prerequisite material. In order to access their knowledge and guide them on the refresher material, basic diagnostic tests on statics and calculus are conducted during the first week in the semester. The students are incentivized to perform to the best of their abilities by including the score in the overall score for the course. Additional reading material and worked out problems are narrated and posted in the Blackboard so that students can review the material and start the class with a good understanding of what is being expected of them to successfully master material in Dynamics course.
Lectures and examples
The material covered in Dynamics course is quite challenging for most students. For most students, attending class and taking notes is not sufficient for mastery of the material. Majority of students require frequent and repetitive review of the material so that they can fully master the material. The content requires multiple, slower, and branching progression compared to linear and relatively fast paced delivery in the classroom. Hence, all of the lectures have been narrated and taped so that students can review them as many times as they need to understand the basic principles and their application to various practical problems. In addition, covering theory in Dynamics is of limited use to many students who are more practice oriented and need to solve practical problems. Consequently, a number of worked-out problems were developed, taped, and posted on the Blackboard. This allows students to go over the problems as many times as necessary.
This approach has minimized and even eliminated time spent in the classroom on taking notes as students have everything at their disposal. Students are expected to go over the material prior to attending class so that the class time is used to discuss issues that require extra attention and more in-depth explanation.
Quizzes and Homework Assignments
Mastery of Dynamics requires continuous practice by working out different problems. Hence, the course has 43 quizzes and 8 homework assignments. As the course material builds up quickly, where every additional new content depends on the previous one, students must continuously study and practice covered material. If students miss a single topic it can have a significant negative effect on the overall success. All of the assignments with appropriate feedback are uploaded on the Blackboard. The students are encouraged to work in teams on the homework assignments. The goal was to provide students with opportunities to learn from each other and to strengthen their understanding of material by explaining it to others.
Testing environment
The quizzes and exams are posted on-line and students are allowed to solve assignments at their own pace and at the location that is the most conducive to reducing stress induced by the testing experience. This approach mimics industry/job environment where students will have limited time to solve problems but still more than just one hour typically allowed in academia. In addition, additional stress induced by the presence of instructor is eliminated and reflects work environment in industry, as one would expect in most cases that supervisors would not be monitoring employees as they solve problems. Although there may be occasions where students would have to solve problems quickly, one would not expect that to be applicable to cases which would require lengthy calculations which would be common for design problems involving systems dynamics.
The students are asked to sign University Honors Code at the beginning of the semester. If the students do not sign the "contract" they will not receive the grade in the course. There were no students who refused to sign the Honors Code. The overall scores in the course indicate that there is no, or extremely limited, academic dishonesty.
Assessment method
In order to encourage continuous learning and timeliness, quizzes and homework assignments are released and closed on a predefined periodic basis. The quizzes are opened every other day for a period of 24 hours, while homework assignments are opened for a period of one week. No late submission is allowed. The quizzes and homework assignments are graded based on the highest score amongst three attempts. The homework assignments are scored based on the final answers and based on the submitted image of the work-out problem. No partial credit is given for an inaccurate solution, and zero credit is given in cases where detailed work is not submitted. Consequently the students are not penalized for missing problem during the learning phase. That is, the students are provided feedback and guided towards the correct solution while at the same time they are not given credit for partially solving problems.
Exams are open for 24 hours on a specified date, and have two parts -the first is similar to quizzes (multiple choice and short calculations) while the second is similar to homework assignments (long problems). The overall score is based on the average of three attempts for both parts. This approach is intended to encourage students to do the best they can during the first attempt, while additional attempts are recognizing the fact that they are still in the learning phase and may require some "guidance". No partial credit is given for problems with incorrect answer. The overall strategy is to simulate learning progression from educational environment to industry/work setting. Although these modifications were initially greeted by students with apprehension, at the end of the course students recognized the benefits of this structured and rigorous approach and expressed very positive attitude towards the examination strategy.
Results
The study was performed on the results collected during eight semesters (S'13 -F'16). The course modification was made in the Fall '14 and implemented in the Spring '15. The reported results prior to Spring '15 semester (S'13-F'14) are when the course was taught in traditional manner while the results with new approach are reported for the last four semester (S'15-F'16). The number of students varied from semester to semester as shown in Table 1 . Student success, as measured by the overall grade, across eight consecutive semesters (S '13 to F '16) is shown in Fig. 1 . The figure also shows the average overall score for the class as a function of semester. As previously indicated, the major modification in the course were implemented in the Spring '15. It is apparent that student learning success improved staring with the Spring '15 and has leveled off during subsequent semesters. The average for the class was approximately 70/100 prior to the Spring '15 and it increased to approximately 80/100 in subsequent semesters. The overall improvement is close to 15%. The comparison between the two periods has to be done carefully with additional insight which will be presented in the discussion section below. The results in Fig. 1-3 indicate that there was substantial improvement in student learning when teaching method was switched to a new one in the Spring '15. There could be several factors that could have contributed to that change. First, all the material was available on-line so students could access it at their own time and go over it at their own pace. Second, the number of exercises and strict adherence to those deadlines, which were every 2-3 days, forced students to focus on the course and learn the material at required pace since the material is cumulative and falling behind the pace would have negative impact on their mastery of the material. Third, students had access and utilized chat groups to discuss problems and learn from each other. Fourth, examinations were done at a more relaxed atmosphere which did not put extra pressure on students to demonstrate their knowledge. Finally, the grade was based on the average between three attempts, while there was no partial credit given.
In addition, the analysis of student performance across course objectives, Table 2 , was measured and results are presented in Fig. 4 . Perform kinematic analysis of particle motion for rectilinear motion. Calculate position, velocity and acceleration of a particle using different methods. 2 Perform kinematic analysis of particle motion for curvilinear motion. Calculate position, velocity and acceleration of a particle using different methods. 3 Use Newton's Second Law to solve for rectilinear and curvilinear motion of a particle and system of particles. 4 Perform kinematic analysis of rigid bodies including translation, rotation, and general plane motion. 5 Use Newton's Second Law to solve plane motion of a rigid body and system of rigid bodies. 6 Use principle of work and energy to solve problems involving particle motion. 7 Use principle of work and energy to solve problems involving rigid body motion and problems involving system of rigid bodies. 8 Use impulse and momentum principle to solve problems involving problems involving impulsive motion. It can be observed that students are doing very well across all eight course objectives. It can also be observed that, on average, students are doing somewhat better on course objectives 1-3 and 6-8. These objectives are dealing with motion of particles, whereas objectives 4 and 5 are dealing with rigid body motion. It has been observed, over the years, that students are having a little more difficulty with kinematics and dynamics of rigid bodies which correlates well with observed performance, Fig. 4 . Also, results for objectives 6-8 are higher than for the other ones, which is in line with the experience that students do well with solving problems using workenergy and impulse and momentum principles. Nevertheless, the overall performance for objectives 4 and 5 is satisfactory, but it also indicates that future efforts need to be made to address that issue and try to improve student mastery of the material for rigid body kinematics and dynamics. Application of different software tools may assist in deeper understanding of that material and will be reviewed for future implementation.
The course is also assessed for TAC ABET student learning outcomes, Table 3 . The assessment results are shown in Fig. 5-7 . It can be observed that the applied instructional approach results in very good overall student performance for all assessed outcomes. The average number of students who exceed expectations across different semesters is approximately 50% for outcome (a), and 40% for outcomes (b) and (f). The semester-to-semester (spring vs. fall) variability is somewhat noticeable and no clear reason for that could be identified at the present. There is no substantial difference in teaching approach from semester to semester. The major difference between Fall and Spring semesters is the fact that course is delivered to traditional in-class students, whereas in the Spring it has two sections, where one is delivered to traditional in-class students while the other one is delivered to distance students. It has been observed that distance students perform somewhat better than traditional in-class students. Namely, they complete most of their assignments and mostly on time while it is not the case for traditional in-class students. Also, distance students are on average more mature and have different approach to their studies. This issue is interesting and will be further investigated with additional long term data to be collected in the future along with appropriate surveys which could point towards reasonable conclusion. In addition, analysis of the student success across course objectives was performed between inclass and distance student population, Fig. 8-10 . The results are compared only for the spring semesters when the course was offered both to in-class and distance students. The results indicate similar trends for both populations. The results are higher for objectives 1-3 and 6-8 compared to objectives 4 and 5 for both populations. Direct comparison, i.e. difference between the two populations is shown in Fig. 10 . The results indicate that the overall difference is around 5 points in favor of distance students. This observation is in line with long term experience which indicates that distance students have somewhat better overall performance. This could be attributed to the fact that the vast majority of distance students are older nontraditional students who take academic responsibilities a little more seriously. 
Discussion
The overall improvement in student performance is apparent across all the performed measures. The improvement could be attributed to a comprehensive intervention as implemented technology and pedagogical approach constituted substantial departure from the previous way the course was taught and performance assessed.
First, on-line availability of the course material, lectures and detailed worked-out problems, makes it easier for the students to review and practice material which requires additional time and effort beyond the classroom time. Also, the number, frequency, and strict deadlines of exercises most likely resulted in a more serious attitude and attention towards the course and ultimately in deeper learning. The lecture notes and assignments were released and closed in a pre-defined periodic manner, which enforced continuous learning of the material. This is a very important aspect of the modification as the material in the course builds throughout the semester and missing one portion of the material could have long term negative effects on mastering the material.
The pre and post course modification comparison on a course that underwent significant intervention may be somewhat difficult to assess due to substantial difference in the way student success was measured before and after the modifications. Prior to modifications, the partial credit was applied when grading exams and curving was used at the end of the course when determining the final grade. After the modification, no partial credit and no curving was used to determine students' final grade. The grades were determined based on whether the answers were correct or not. In the case of the homework assignments and quizzes students received grade based on the highest score between three attempts, and for the exam the grade was determined based on the average between the three attempts. No partial credit was given. This approach was designed to reflect various stages of learning and application. Homework assignments are used to provide students with initial learning experience, thus no penalty was applied if students corrected their solution. The exams assessed penalty if students did not answer the questions correctly the first or second time, but they were provided additional attempts to recognize that they are still in the learning phase. The next phase of their professional life would be work in industry where they would not get partial credit and would experience some penalty if they did not perform at the expected level on the first pass.
Also, students have extended time to complete assignments and exams and are allowed do it in environment that is not creating undue pressure. They can do it at home, dorm room, coffee shop or wherever they fell comfortable without instructor watching over them. This approach is reflective of the way students will perform at work in industry, where, in vast majority of cases, they will have more than one hour to complete the task and where their supervisor will not be watching over their shoulder as they solve problems. The supervisor will be interested only in the final answer, and it must be correct. In order to assure that students conduct their work in an ethical manner and making sure that academic honesty is observed students had to sign University Honors Pledge. The overall results do not indicate any academic misconduct.
Conclusions
Student performance data indicate that technology enabled modifications, along with team work and problem based learning introduced in the course, have positive outcome on student success in mastering the course material. The overall satisfaction with the approach is overwhelmingly in favor of changes. Students appreciated the modularity of the course, its online availability, their ability to go over material as many times as they needed, and clear grading expectations. The effort that was placed in modifying the course was significant but at the end it was worthwhile as the student performance and their satisfaction increased.
Further data collection, analysis, and review will be conducted to determine the long term effects of this approach. The authors plan to expand the study to include control groups and will also engage statistician in analyzing data to provide additional scientific strength to the research.
